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centrifugal fan. The centrifugal fan forces air into a bifurcated duct that houses a pair of
adjacent conduits, each conduit defined by an outer wall and an inner wall that converge in a
direction downstream with respect to air flow. A windband is attached to the exhaust end of
the duct, and provides a pathway that entrains air into the building exhaust. Unfortunately, a
significant pressure drop is caused across the conduits. Furthermore, the conduits converge
toward each other and away from the air entrainment pathway, thereby reducing the flow rate

of ambient air that is entrained into the building exhaust.
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air frorri: t%re] %iﬁdlng and forces the air through a fan housing outlet. A connector has a
rectangular base connected to the fan housing, and a cylindrical upper end. The connector
defines a conduit that receives receiving the exhaust air from the fan housing outlet. A
nozzle includes 1) an outer enclosed wall connected to the cylindrical upper end of the
connector and 2) an inner wall that diverges towards the outer enclosed wall to form a
converging annular conduit receiving the exhaust air from the conduit of the connector. A

windband is connected to the outer enclosed wall of the nozzle. The windband has a frustum-
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more fume hoods 22 of the type commonly installed in commercial kitchens, laboratories,

manufacturing facilities, or other appropriate locations throughout a building that create
noxious or other gasses that are to be vented from the building. In particular, each fume hood
22 defines a chamber 28 that is open at a front of the hood for receiving surrounding air. The
upper end of chamber 28 is linked to the lower end of a conduit 32 that extends upwardly
from the hood 22 to a manifold 34. Manifold 34 is further connected to a riser 38 that
extends upward to a roof 40 or other upper surface of the building. The upper end of riser 38
is, in turn, connected to an exhaust fan assembly 42 that is mounted on top of roof 40 and

extends upwardly away from the roof for venting gasses from the building. The components
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portion 58 that is connected to an inlet port 60 of housing 44 via a connectm ﬂange 62.

Housing 44 includes a frame 64 that supports a fan motor 68. A drive belt 74 drives a shaft
70, which is journaled in bearing brackets 72 mounted onto frame 64. Shaft 70, in turn,
drives a centrifugal impeller 76 that is housed in a scroll 78. Impeller 76 includes a plurality
of vanes 80 rotating about shaft 70 to provide a negative pressure that draws air in through
ventilation system 20. Scroll 78 defines an upwardly extending rectangular discharge port 82

at its upper end. Centrifugal fan assembly 46 can be a conventional Series 41 AFSQ
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the annular nozzle 52 about central axis A-A. The bottom end of the windband 54 is flared
by an inlet bell 104 and the bottom rim of the inlet bell 104 is aligned substantially coplanar
with the rim of the nozzle 52. The top end of the windband 54 is terminated by a circular

cylindrical ring section 106 that defines the exhaust outlet of the exhaust fan assembly 42.
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keeping this collar 94 straight, less exhaust air is diverted, or changed in direction by the

nozzle 52.



entrai nment path fornmed between the nozzle 52 and the
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wowaos/orisel swirling, high velocity exhaust traveCT/ng2005/001694

t hrough nozzle 52 along the direction of Arrows 107,
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cost, n2¢imiwing peﬂfoﬂn}ance and maximizing safety Such customization is achieved by
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selecting the size, or horsepower, of the fan motor 68, and by changing the four system
parameters illustrated in Fig. 6.
~ [0036] Nozzle Exit area:

Increasing this parameter decreases required motor HP, decreases ambient air




keeping this collar 94 straight, |ess exhaust air is
di verted, or changed in direction by the nozzle 52. 6
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to the performance enhancenents di scussed above, the
entraingtent|Cletife@ses fplurhd eise XDeacrssigthiassantteyinteagts réqurd mator HP,
. custom zation .to et the %.ecific needs of users. For
InCreasey @E?ﬁf’é ar F%?%IPF%CH IEEPEPHPMPC IS exhaust fan assenbly
[Ooyﬂlﬁﬁ SQW&&ﬂugaﬁﬂ?uneancorgaﬂce_mﬁth fan aIternativF
odi.ment. 1s illustrate ving reference, nuneral s
JBPeeRBAtis Reis el FiceChset BERPa PRIl AOF g Tifiganty
affect pINGTcaTRE €h w1 Okcfeasing lids pataprse sleabaset ambieyt sinentrainment,

conveni ence. . Fan assenbl 42 includes a fan housing
does nqisigHAGHRY affect PIUmATI e f%hﬁ‘i’%t 182 that connects to

[0038]2 cy! i Wdhdadll Izha®k extension 150 constructed having a
cylindrical base and upper end f.or conn%clion b&%mee

n
fIagreRSIns fiHg PHAmCkY 1Agy9asghmpi§R,11E SRIFITH L Grepsps prgne rise,
does nOPARRE £ACHGH ] PRErca@ROWAs piBR3R) ddaeedimbielt aiba@rainment,
aspect of the present invention provides a extension
decreaggsarlump Fse.closeBotAReb MMt while pernmitting air
[00391ENt T Al (ifEhaRd TR Area tmbRrREfesuUNt €d onto a fan
regardiress of the shape of the fan discharge ogenlgg.,
| Imcreapisg ithig apgmetar ingeases|apbicapyf SefARBeNt, MFLeR eStPhERe rise,
does 118?5@%% FRY. %gﬁelégg %me%%r db&Radt AHRAYaiS BRREndbnt,
Its base to a cylindfical shape to acconmodate
decreapésrtluiak Irige.adogs soi atisk é0ffgW-housi ng. Alternatively, if
the f | it { frbfel i fhé present
1004017, - "B Bb3e s B Abuib Gkl epbo i of p
inventiine dtwiljoamt to thobethabprapiiesstha grt thayomay madikensigngmay be made
. furth reci ' airni i
withorl b Bhe BEnf RISl S el o oy Sche T bt A SRR hephbli of
the vanieu dnhiaddiments yistt ery2Bll whthée thesaopsefdhbiny entiong fhafedeying claims
n roof 40 as described above, or located in the
men”@ﬁilding or otherwise at a location remote from the
| ocation at which the air entraining assenbly is
nount ed onto rooftop 40. Air entraining assenbly 51
and 151 could, for exanple, be connected to the riser
38, or suitable connector, either directly or
indirectly via extension 50 and 150, which woul d
i ncrease the height of the exhaust fan assenbly, and
thus al so increase the plune height of the expelled
exhaust air to a desired level. In such an
enbodi nent, the fan assenbly 46 coul d be di sposed
anywhere in the building ventilation system 20 (for
exanple in the manifold 34, in the individual conduits
32, or in the riser 38 at a | ocation bel ow or above
roof 40). Advantageously, one aspect of the present
i nvention provides flexibility when nmounting a nodul ar
air entraining assenbly




onto a building. [0035] It is thus appreciated that
user specifications accommodated by aspects of the
w@e@s®nie3i nventi on i ncl ude vol une of exhaust aPCT/UpLOOF®1694
hei ght, anount of dilution wth anbient air, and
CL enbl y hei ght above roof top 40. User objectives
I'nclude mnimzing cost, maxim zing performnce, and
maxi m zi ng safety. Such custom zation is achieved by
S E | ect Angxhbgst $aiz ssserblytfor agietiiMgrexhaist it €rohas buiddiag, the exhaust
and by changing the four system paraneters
fan assqmt{]gp?@pggngn Fig. 6. [0036] Nozzle Exit area:
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paranmet er increases ambient air entrai nment, does not
air frogi aifdt;eadt |y affect plume rise or fan flow.

Decr.e this ter crea eny 2
oh 7 S 0 RRLATEL o ARSI EAR s e efiicie apas
entranﬁﬁetft pathf deovivinglRas nt\amwlbia ticht tk%rmiﬂientlaﬁctﬁﬁ%wﬁtg theh(bx‘haust air in
amet er |ncreases anbi ent air entrai nment, increases
the Wlaqibmé thegendbaelrthes cogtmising anpptlet bt expslsthaniirg At s
par anet er decreases anbient air entrai nment,
decr caghs ef?ﬁéﬁé‘?faﬁ'a%%nﬁ? afrelfibd ﬁlfélﬁﬁt 1 flﬁl%téhqwe ﬂ&@%ﬁ?]
W ndband Entry Ar m hor fect) IncCreasing t
centrifogalafaet er i ncreases anbi ent a|r entralnnent |ncreases
plume rise, does not affect fan flow Decreasing this

par ame crepses anbi ent ntr 'nne t . :

B oad & HiRrR A, E0terBid i PbT! AR ahe ipsonay i
substaﬁﬁﬁlﬁ&&‘ﬁ%ﬂ?@%pb@&ﬂwﬂl@%épéd@@&m%&bu@erﬁfeﬂf erred enmbodi nent

of the present invention. It will occur to those that

practlce the art that nmany nodjfications na¥

wit hout heiepizavst 1 asseahly h%regﬁtct inclameB, 4 Hhee ]ottle trw@r i
frustoddiy&iti on. I'n order to apprise the public of the

various enbodi ments that may fall within the scope of

the invention, the followng clains are nade. 8

5. The exhaust fan assembly as recited in claim 1, in which the inner wall

diverges toward the outer wall.

6. The exhaust fan assembly as recited in claim 1, further comprising a connector
having a rectangular base connected to the fan housing and a cylindrical upper end connected

to the outer enclosed wall of the nozzle.

7. The exhaust fan assembly as recited in claim 1, in which the windband is

mounted to the upper end of the outer enclosed wall and receives the exhaust from the nozzle,

8. The exhaust fan assembly as recited in claim 1, in which the windband has a
frustum-shape with a circular opening at its lower end which is substantially coaxial with said

nozzle



WD 2005/ 073631 PCT/ US2005/ 001694 CLAI M5 1. An exhaust
fan assenbly for expelling exhaust air froma

whoiosarisgs t he exhaust fan assenbly conpri si nBCT/EST0851001694
housi ng containing a fan that draws the exhaust air

omt buj | d' and .f.or ces he .ai ro t.hr fan
us) ng gcthat B FEEHIE ST el B Rt MR P 107 end of the
Wmdbfaﬁ& 1J%§ﬂaﬁﬁall}f (Iflﬁ)leﬁﬁiizlltﬁ s6fdzkIel ng an outer encl osed

and an inner wall that form a convergi ng annul ar

condwt receiving the exhaust _air fromthe tﬁ r{) 8
wil Adbardthe exbiss Ba aseamidy peEsited It ainhb2p éch thg windband is

entrai nment path receivin

ﬂﬂed%ngg?&?&aﬁgqéggﬁ%hﬁgt%he ambient air m xes with theg

exhaust air in the w ndband, the w ndband further

campr i §Iheg:xhans®fanl asSemlﬁatas eocpied & ¢lhign hiig edhich 2 cylindrivhlging is

exhaust fan as as.recited in claim11, in which
fome@t?éai?edi?ﬂege%f ‘itgﬁf"’rlﬁ){c} QI fan. 3. The exhaust fan

assenbly as recited in cI aim1, in which the inner

wab!l i sAn susiEmh las':sbinyb ﬁ)@bfqzdllm{g ehihapaagdroth b builéiapede exhaust

to the outer wall. e exhaust fan assenbly as
fan asseroblyednipisgigai m 3, | n which the inner wall is

f rl;#%lq gic):lgﬁ%ié: gonta1 \/\ﬁllgc%ﬂ? 115t B?a%c’stthé aﬁ%&ﬁ tl?éblﬁﬁﬁﬁé &8 forces

he I nner rges toward
the a1iﬁﬁo1£§lht£fan\4@|ubmg6utlame exhaust fan assenbly as recited

inclaiml1, further co is gi; acon ecto havi n
r @dtoaﬁ’@lﬂlsa%%%%‘”&s&ﬁﬁ@ %18 oHeng. 40 RS q?gﬁpgﬁal%aan outer
enc1o§e}§l dlvélg ?ﬁcf%{ uﬁ&@%'an ang dfv%f}gég ¢dvptds 1R dulte wautis Fordg besREing

e nozz . The exhaust fan assenbly as
conduieectiethg the exlgdust alrfromthhfanhamme wi ndband |s nmount ed

toth r end.of the o e ) n .
- Gounanti fpsendtupsanny e niads i WindBing A08ding an ai
entraﬁﬁﬁnﬁﬁ%ﬁﬁ mei/wﬁ'@ athBfeht £f sﬂdh tBAtah&rhbichthivRbES vithethe exhaust air in
and has a frustum shape with a circul ar opening

the wirtdband, thewardbend futhier porhprising an avist dhat gxpedubie auxed ik
said nozzle 9 WD 2005/ 073631 PCT/ u52005/ 001694 O.

Wﬂ} exnglist gf %%@g{?{,g{, Bl Bdinh 72,8h AR Brheithh is a

ch t ren
centrifugal fan.
14. The exhaust fan assembly as recited in claim 12, in which the converging

conduit is annular.

15.  The exhaust fan assembly as recited in claim 12, in which the inner wall is

substantially centrally disposed with respect to the outer wall.

16. The exhaust fan assembly as recited in claim 15, in which the inner wall is

frustoconical.

17. The exhaust fan assembly as recited in claim 12, in which the inner wall

diverges toward the outer wall.
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wi ndband is substantially coplanar with said nozzle.

10. The exhaust fan assenbly as recited in claim1l, in
woniosi7ishe wi ndband is flared at its | ower enBCT/OS1005/001694

an inlet bell. 11. The exhaust fan assenbly as recited

|n claim1l whi ch a cylindri cal ng. i forned at
tife upbst XAt S10 3Rl 4 g 1 9ira z’ef%ﬁgﬁifs‘tonfpéﬁmg a

connec@tﬁt% Ya lfee{angm&et)dsb G&nfeéi%@ YS theBhh nbiisHB ﬁlcpéjé}llfﬁﬁﬂgal upper end
t aust an assenb y conprl Sli ng a fan Housi ng
connectahtoahepbutgr endleaed whaditof dheavwzzlehe exhaust air fromthe

bui | di ng and forces the air through a fan housing

tl et 0 e dis ed_downst.ream of _t.h
b oo e $i0aRs St petaB s Fe R TR Tk B B8 Hinpapa i
mount@& B8 uppétehd waite duk@tendlbyﬁf\@zﬁﬁaﬁdl\&aﬁdés thb exloubiefionnahd nozzle,

to forma conver gl ng condwt recei ving the exhaust

air fromthe fan; wi ndband dj sposed downstr.e
of0- t hellogshaast ftlh@sswhl@rtﬁa ReFLiSH o Platth 2ol vieh the windbend has a

frustlmg—ﬁ%.{t&' PR QLiB@b ofen i A i v 8 Whid] &5 sﬁUs%htfah?‘éoM"ﬁ with said

ent alr mxes wth the exhaust air
nozzlew ndband, the w ndband further conprisi ng an outI et
that expel s the m xed air. 13. The exhaust fan

ﬂ%%ﬁl&ﬁ%?ﬁa& %sldferlnglp(gals zgzaTtgé é’{‘ c I glg%%theggwérsen% of the
windbdiiCk k@bktaltiafl 3bpladet witsaidheld. he c onverging conduit
is annular. 15. The exhaust fan assenbly as recited in

claiml1l2, in which the inner wall is_ _substantial.l

Bt r aFhgedaygdavesambly assagisdn clgme A2, Buvkeh fagrvindiagd is
flared %&:}% 1§{§,|gﬁ&§({ fgﬂngﬁﬁlﬂ&tﬂen as recited in claim15, in

Aner wa frustoconical. 17. The
exhaust fan assenbly as recited in claim212, in which
t28e i nfiee extmbist fadassembbysastresited dn tlaem ddt iarwlyigh h cylintiripg ring is
(ﬁ E/ 073631 ng Us2 05/d001694 18. The exhaust fan
formed adagHpREr £0d 0 ?W claim 12, further conprising a

connector having a rectangul ar base connected to the

fan hopgicRBadDfindssibly Obinedled (PP @EntERtbon CaRbRcdfabiiiding for
t he outer enclosed wall of the nozzle. 19. The exhaust

expellingiexhaise s iprathebaiiinadthe gxkguss fn assembly GRMBEsRgie

V\g crlllgj l% gnec’?ed to the ventilation network that receives the exhaust air at one end,

the conduit defining an outlet end;

a fan housing defining an inlet that is connected to the outlet of the duct; the fan
housing containing a centrifugal fan that draws the exhaust air from the building and forces
the air through a fan housing outlet;

a connector having a rectangular base connected to the fan housing and a cylindrical
upper end, the connector defining a conduit that receives receiving the exhaust air from the
fan housing outlet;.

anozzle comprising 1) an outer enclosed wall connected to the cylindrical upper end
of the connector and 2) an inner wall that diverges towards the outer enclosed wall to form a

converging annular conduit receiving the exhaust air from the connector conduit; and

12



nounted to the upper end of the outer enclosed wal

and receives the exhaust fromthe nozzle, 20. The
we0wa0%i63f an assenbly as recited in claim 12, PeT/R2005001694

the wi ndband has a frustumshape with a circul ar _

apemdhgndtonnteed twibe ogied endhosstl wadl of (ikeseegatd .ghe yindband having

coaxial with.sai nozzl.e 1 Th
o oGl vilh WS Lone SR By R PP R Rt
the loer'éﬁ@?sI%bbtﬁnﬁdlEBJo@[tﬁﬂaﬁbvhu sgi@pbanar W th sai d nozzle.
. The exhaust fan assenbly as recited in claim12,

|n whi ch the windband is flared at its lower end to
forman inlet bell. 23. The exhaust fan assenbly as
recited in claim12, in which a cylindrical ring is
formed at the upper end of the w ndband. 24. An
exhaust fan assenbly connected to a ventilation
network of a building for expelling exhaust air from
t he buil ding, the exhaust fan assenbly conprising: a
duct connected to the ventilation network that
receives the exhaust air at one end, the conduit
defining an outlet end; a fan housing defining an
inlet that is connected to the outlet of the duct; the
fan housing containing a centrifugal fan that draws
the exhaust air fromthe building and forces the air
through a fan housing outlet; a connector having a
rectangul ar base connected to the fan housing and a
cylindrical upper end, the connector defining a
conduit that receives receiving the exhaust air from
the fan housing outlet;. a nozzle conprising 1) an
outer enclosed wall connected to the cylindrical upper
end of the connector and 2) an inner wall that

di verges towards the outer enclosed wall to forma
convergi ng annul ar conduit receiving the exhaust air
fromthe connector conduit; and 12 WO 2005/ 073631

PCT/ US2005/ 001694 a wi ndband connected to the outer
encl osed wall of the nozzle , the w ndband having a
frustum shape with a circular opening at its |ower end
which is coaxial with said nozzle and the |ower end
is substantially coplanar with said nozzle. 13
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